T
here are two published operational definitions of FS. The National Institute of Health (NIH) consensus statement defines an FS as ''an event in infancy or childhood usually occurring between three months and five years of age, associated with fever but without evidence of intracranial infection or defined cause for the seizure''. 2 This definition excludes seizures with fever in children who have previously had afebrile seizures. The International League Against Epilepsy (ILAE) defines an FS as ''a seizure occurring in childhood after one month of age, associated with a febrile illness not caused by an infection of the central nervous system, without previous neonatal seizures or a previous unprovoked seizure, and not meeting criteria for other acute symptomatic seizures''. 3 The two definitions are very similar, differing only in the lower age limit (three versus one month respectively). Both definitions do not exclude children with prior neurological impairment and neither provides a specific temperature criterion nor defines a ''seizure''. The three components, age, fever, and a seizure, are critical elements in the definition.
AGE
Most febrile seizures occur between 6 months and 3 years of age with the peak incidence at 18 months. [4] [5] [6] Approximately 6-15% occur after 4 years, and onset after 6 years is unusual. Regardless of the population, most data support the unique age specificity of the maturing brain's sensitivity to fever. Although the mechanism of this increased susceptibility is unclear, animal models suggest that there is enhanced neuronal excitability during the normal brain maturation. 7 
FEVER
By definition there has to be a febrile illness or certainly fever. Many febrile seizures occur early in the illness and may be the presenting feature, but others occur during or after the onset of fever, 8 9 observations that may in part reflect the difficulties in both taking and accurately recording the temperature of young children. There are no data to support the rate of temperature rise as being more important than the peak temperature achieved. 10 11 It is also unclear whether there may be a lower limit of fever under which it would be difficult to make a diagnosis of an FS, 12 with some studies citing .38˚C and others, .38.4˚C. It is possible that the peak of the fever may be related to recurrent FS. 8 10 13 Children with FS with a relatively low fever (,38.9˚C) tend to present with an initial seizure that has focal features or is repeated within the same febrile illness. 14 Antipyretics have not been shown to reduce the risk of febrile seizures, 15 16 suggesting that it may not be the fever itself that causes an FS. Animal studies suggest a possible role of endogenous pyrogens such as interleukin 1 that, by influencing neuronal excitability, may link fever and seizure activity. 17 Preliminary studies in children appear to support the hypothesis that the cytokine network is activated and may have a role in the pathogenesis of FS, 18 19 but the precise pathological or clinical significance of these observations is as yet unclear.
SEIZURE
Clearly, FS must have a clinical component-a ''seizure''. The NIH Consensus definition uses the vague term, ''event'' rather than seizure. 2 Other episodes or clinical events that may typically mimic an epileptic (and specifically a tonic-clonic) seizure, including rigors, syncope, reflex anoxic seizures, breath holding spells, impaired consciousness, and apnoea may also be associated with any febrile illness and must be excluded by taking a careful history. It is possible that a number of children with FS reported in the literature may in fact have had one of these other paroxysmal, non-epileptic disorders and not FS.
Febrile seizures are typically divided into two types, ''simple'' and ''complex''. A simple FS comprises of generalised tonic-clonic activity without focal features, of less than 10 minutes duration, without a recurrence in the subsequent 24 hours and resolving spontaneously. Complex febrile seizures are defined on one or more of the following features: a partial (focal) onset or showing focal features during the seizure, prolonged duration (greater than 10-15 minutes), and recurrent within 24 hours or within same febrile illness. 3 4 8 20 The term ''complex'' may in the future be replaced by ''complicated'' in light of the new proposed seizure classification in which the words simple and complex in the ILAE classification of partial seizures may disappear. 1 Arguably, the most appropriate approach would be to replace either term-''complex'' or ''complicated'', with the precise description of the seizure and specify whether the FS was ''prolonged'', ''focal'', or ''multiple''.
THE INCIDENCE OF FEBRILE SEIZURES
Population studies in Western Europe and the USA report a cumulative incidence of 2-5%. 20 21 The incidence elsewhere in the world varies between 5-10% (India), 8.8% (Japan), and 14% (Guam). 5 Data from developing countries are limited, possibly because it may be very difficult to differentiate simple FS from acute symptomatic (infective) seizures, particularly if due to falciparum malaria infection. 22 Between 9% and 35% of all first FS are complex, 14 21 23 and it may be important to establish this at presentation because children with prolonged or multiple FS are at increased risk of developing unprovoked seizures. 9 21 24 The wide variation in the proportion of the initial FS being complex (9-35%), may reflect the difficulties in differentiating simple from complex FS, and perhaps even differentiating FS from afebrile seizures. Finally, although complex FS represent a small fraction of all FS, febrile status epilepticus (that is, a complex FS) accounts for 25% of all episodes of status epilepticus in children. 25 
RISK FACTORS
What are the risk factors for developing a febrile seizure? Febrile seizures occur when a susceptible child of a critical age has a fever. The fever is typically higher than in control children with a similar illness, although the seizure does not always occur at the same time as the peak temperature or necessarily at the onset of fever. 26 The most consistently identified risk factor for FS is the presence of a close family history (within first degree relatives) of FS. The more relatives affected, the greater the risk. In cohorts of children with FS, the risk that siblings will have an FS is 10-45%. 27 Many studies have also found that the risk may be increased by an underlying brain disorder. Premature birth, delayed discharge from the neonatal intensive care unit, and developmental delay are potential markers for suboptimal brain function, but there is conflicting evidence definitively linking these factors and FS, 16 21 24 28-31 which may in part reflect whether the study was hospital or community based. Other studies suggest an increased risk with exposure to infectious illnesses such as human herpesvirus-6. 32 Any viral or bacterial illness may provoke FS, and this is also (rarely) true for immunisation. 33 34 However, these factors are more provocation, rather than risk factors. Generally, at least 50% of children who present with febrile seizures will have no identified risk factors.
What are risk factors for recurrence? Most children with FS do not experience further FS, but one third will; age would appear to be the single, strongest, and most consistent risk factor. 8 9 20 21 35 36 More than half of the risk is realised during the first year after the initial FS and over 90% recur within two years. A family history of febrile seizures (but not epilepsy) in a first degree relative, is associated with an increased risk of recurrence. 8 35 37 Recurrences appear to be more likely in children whose initial FS occurred with a relatively low fever. 8 13 35 Multiple initial seizures occurring during the same febrile episode also appear to be associated with an increased risk of recurrence. 38 Recurrent FS tend to be prolonged if the initial FS was prolonged.
14 However, febrile status epilepticus in an otherwise normal child does not appear to significantly increase the risk for further febrile seizures or the development of epilepsy. 25 What are the risk factors for developing epilepsy? Accumulating epidemiological evidence indicates that FS are the most common recognised antecedent for epilepsy in childhood, although the precise risk of developing epilepsy after febrile seizures is unclear. Following a first FS, 2-4% of children will experience at least one unprovoked seizure, a risk four times that in the general population, 4 20 39 and most of these children will subsequently develop epilepsy. Viewed from a different perspective, between 13% and 19% of children with afebrile seizures will have had one or more previous FS. 40 Factors that consistently increase the risk for developing unprovoked seizures (epilepsy) following FS, include a family history of epilepsy, complex features, and the presence of early onset neurodevelopmental abnormalities. 4 41 These factors are different to the risk factors associated with recurrent FS, thereby supporting the argument that FS are distinct from unprovoked seizures. 42 43 In view of the advances being made in identifying genes relevant to epilepsy syndromes including generalised epilepsy and febrile seizures ''plus'' (GEFS+), 44 the current approach in evaluating the risk of epilepsy following FS is based on specific epilepsy syndromes. These may be arbitrarily divided into two major groups: the idiopathic generalised epilepsies, recognised to have a strong but complicated genetic basis; and the partial (focal) epilepsies (including mesial temporal lobe epilepsy, MTLE), currently considered to have a definite, though weaker genetic basis. MTLE appears to be associated with prolonged and/or focal FS in retrospective studies, 41 but evidence is emerging that MTLE may also be genetically determined. This emphasises the importance of taking a detailed family history in any child who presents with both febrile and afebrile seizures.
THE GENETICS OF FEBRILE SEIZURES
The literature describing the genetics of FS is extensive, continually expanding, and is complicated, reflecting the complexity of the disorder. The risk of developing FS is higher in some families than in others. 16 38 45 46 A positive family history for FS can be elicited in 25-40% of patients with febrile seizures 47 and the reported frequency in siblings of children with FS has ranged from 9% to 22%. Studies showing a higher concordance rate in monozygotic rather than in dizygotic twins also support a genetic contribution. Familial clustering studies indicate a doubling of risk in children when both parents, rather than one parent had FS. Although there is clear evidence for a genetic basis of FS, the mode of inheritance is unclear. Most convincing evidence has emerged from linkage studies with reported linkages on numerous chromosomes (2q, 48 5q, 49 53 ), with the strongest linkage on chromosome 2q and specifically, linkage to the genes responsible for sodium channel receptors-and specifically a mutation in the alpha (a) subunit of the first neuronal sodium channel gene (SCNIA). The linkage on chromosomes 2q and 19q associated with the phenotype of febrile seizures, generalised epilepsy (tonic-clonic, absence, and myoclonic), and a continuation of febrile seizures (.5 years of age) (GEFS+), 44 54 shows evidence of sodium channel involvement. There is currently no evidence that any of these loci have any role in the more common, ''simple'' FS, with the possible exception of the chromosome 5 locus reported in the Japanese population. 49 Clearly, febrile seizures are an extremely heterogeneous condition with a complicated and, as yet, unclear pathophysiological and genetic basis. 55 
FEBRILE SEIZURES AND TEMPORAL LOBE EPILEPSY (TLE)
This remains one of the most controversial issues in epilepsy. Studies have approached the question from different perspectives and not unexpectedly, the results remain unclear and often contradictory. 56 Retrospective studies from tertiary centres report that as many as 40% of adults with intractable temporal lobe epilepsy give a history of complex (specifically prolonged) FS in childhood. [57] [58] [59] A recent study by Trinka and colleagues 41 found a strong association between prolonged and focal FS and the development of TLE. These findings are supported by magnetic resonance imaging (MRI) studies showing hippocampal sclerosis and atrophy in patients who experienced prolonged FS in childhood. [60] [61] [62] [63] The selection of children and the timing of neuroimaging have varied between studies, making evaluation of any potential evolving process difficult. A specific study employing MRI as a research tool, that was undertaken within 48 hours of a prolonged FS (including febrile status epilepticus), showed evidence of temporal lobe (hippocampal) oedema. 64 Subsequent follow up imaging within 12 months in this population showed resolution of the oedema and did not show any hippocampal atrophy or mesial temporal sclerosis (MTS) in the previously swollen temporal lobes. 65 The identification of hippocampal atrophy in patients with a previous history of prolonged FS does not necessarily prove a causal relation, and in the study by Kuks and colleagues, 60 64% of 107 patients with hippocampal atrophy and MTS had no history of FS.
Early histological reports suggested a possible causal relation between prolonged childhood FS and MTS. 66 67 However, more recent neuropathological data from 33 children with refractory TLE, with and without a history of preceding risk factors for TLE, showed cortical dysplasia in 21 patients (66%), including 73% of patients (11/15) with a history of FS. 68 Cortical dysplasia (which typically has an onset in early fetal life), rather than FS, could arguably explain the development of late and intractable epilepsy. Finally, animal data support the hypothesis that, over time, prolonged FS may enhance hippocampal excitability. [69] [70] [71] In summary, most retrospective analyses from tertiary (often epilepsy surgery) centres have suggested a definite, though inconstant, association between TLE and early, prolonged FS, with, generally, an excellent response to surgical treatment. 58 59 However, it is clearly possible that these centres may have overestimated the frequency and therefore the impact of an uncommon or rare association.
In contrast, prospective and controlled, population based studies have failed to confirm this apparent association. 4 40 42 It has been argued that prospective studies would have to be much larger and conducted over a longer period, to identify the small group that develop complex partial (focal) seizures of temporal lobe origin. This is because hippocampal atrophy or MTS may not be demonstrable until late childhood, adolescence, or early adulthood-although MTS has occasionally been shown in children as young as 4 years of age. 72 It is possible that this was already present (and responsible for the initial, prolonged FS), as MRI would not normally be undertaken at the time of the initial FS. A recent, prospective MRI study of 329 unselected patients with FS failed to show any hippocampal injury and reasonably concluded that there may be no causal relation between FS and MTS. 73 Although there is some evidence that the severity or extent of hippocampal atrophy may be directly related to either frequent secondarily generalised tonic-clonic seizures, 74 or the duration of epilepsy, 75 this may simply reflect the effect of frequent afebrile (that is, epileptic) seizures in and throughout childhood, rather than a prolonged FS in infancy. Current opinion supports an association between prolonged FS and pre-existing lesions within the temporal lobe-and that this may subsequently facilitate the development of hippocampal atrophy. 76 In addition, the contradictory findings obtained from epidemiological, neuroimaging, and pathological studies would also suggest that the association of complex FS with hippocampal atrophy and TLE reflects complex interactions with genetic or environmental factors (or both), which may subsequently facilitate the development of TLE. This increased susceptibility is likely to be multifactorial but may involve cytokines, and specifically interleukin 1.
OUTCOME OF FEBRILE SEIZURES Epilepsy
The risk of epilepsy, and specifically, MTLE, has been discussed previously.
Neurodevelopment
Most population based studies have shown no obvious association between simple or complex FS, including febrile status, and the later development of neurological deficits (for example, hemiplegia), overall cognitive functioning, or specific memory impairment. 24 77 78 Not surprisingly, those children who develop late onset and drug resistant focal seizures (specifically with MTLE) have been shown to have significant cognitive and psychosocial difficulties. It is likely that this is related primarily to subsequent frequent afebrile focal seizures, possibly on a background of a pre-existing temporal (hippocampal) abnormality, rather than early complex FS.
Mortality
Most population studies have shown no increased risk or incidence of mortality in children with FS, 79 80 including febrile status epilepticus, and excluding infections of the central nervous system (CNS). In addition there does not appear to be any association between FS and sudden infant death syndrome. 81 This is clearly very important and should be emphasised in discussions about FS with families. 82 
EVALUATION OF THE CHILD WITH A FEBRILE SEIZURE
A detailed history including family history of FS, epilepsy, and sudden deaths in the family is mandatory. Examination looking for evidence of meningitis, underlying neurological deficit, asymmetry, or stigmata of a neurocutaneous or metabolic disorder, and measuring the head circumference may be important and informative. A number of questions need to be addressed when faced with a child who has had a first or subsequent FS.
Was it a seizure and not a rigor, reflex anoxic seizure, or other non-epileptic event? This can only be answered by the history that may be difficult if, as is usual, the witnesses, including the child's carers were frightened by the episode. It is important although not always easy, to determine if the seizure could have been provoked by fever in a child already known, or suspected to have epilepsy.
Was it febrile-and if so, where is the infection?
This may be difficult for reasons stated earlier. In addition pyrexia may follow an afebrile tonic-clonic seizure, although this will rarely exceed 38˚C. Ear, throat, lower respiratory, urinary tract, and a CNS infection should be considered as possible sources of any febrile illness. Routine blood tests are not recommended unless where clinically indicated.
Interestingly, the risk of bacteraemia would appear to be the same in children with fever with or without simple febrile seizures. 85 Each child must therefore be evaluated individually and carefully.
Is there any possibility of meningitis, encephalitis, or an encephalopathy? It is clearly important to consider and, where appropriate, exclude meningitis or encephalitis in any child who presents with FS. Consequently, one of the most common decisions is whether a lumbar puncture (LP) is necessary. The estimated incidence of meningitis in children who present with an apparent FS is 2-5%. 83 86-90 The yield of positive findings from LP varies between studies, and is generally low in the absence of risk factors including focal seizures, and suspicious clinical findings. 83 91 92 Deciding whether a child has meningitis will be easier in the older child (.2 years) where there may be meningism or photophobia. In children ,2 years of age this may be more difficult and there should be a low threshold for considering meningitis or encephalitis (specifically herpes simplex type 1), particularly in the following situations: 83 84 93 94 N Where there is a history of irritability, decreased feeding, In these situations an LP with simultaneous blood and cerebrospinal fluid (CSF) glucose levels should be undertaken unless there are specific contraindications, 12 83 93-95 despite recent comments. 96 Previous practice guidelines recommend that a lumbar puncture be strongly considered in almost all infants ,12 months with FS. 12 83 84 93 97 or ,6 months. 98 Between 12-18 months of age the symptoms and signs of meningitis may also be subtle and consequently, an LP should be considered in a child presenting with FS. 83 93 97 Could there be an underlying static or progressive abnormality? Obviously, information from the history and examination may help to address this issue. Unless the child has an unexplained encephalopathy there is no indication to undertake an early electroencephalogram (EEG), irrespective of whether the FS was simple or complex. Recurrent simple or complex FS also do not justify an EEG, as it is of no use in identifying a structural abnormality or in predicting recurrent FS or the development of epilepsy. 99 Neuroimaging is not indicated in a child with a simple FS, 83 93 and not every child with a complex FS requires a brain scan, although this will clearly depend on the clinical situation. Neuroimaging should be considered in children with FS who are also found to have the following: N Micro/macrocephaly, a neurocutaneous syndrome or preexisting neurological deficit N Post-ictal neurological deficit persisting for more than a few hours following the FS N Recurrent complex febrile seizures and particularly where there was any doubt whether the seizures were febrile in origin. 12 84 94 Magnetic resonance imaging is superior to computerised tomography (CT), specifically for those situations where there may be an underlying inflammatory (for example, herpes simplex or Rasmussen's encephalitis) or structural (for example, cerebral dysgenesis, tumours, and vascular malformations) cause.
Rarely, a febrile seizure may be the first sign of a metabolic disease (for example, a mitochondrial cytopathy including ''Leigh's syndrome'' or progressive neuronal degeneration of childhood), an inflammatory disorder (for example, Rasmussen's encephalitis), or one of the more malignant epilepsy syndromes (for example, severe myoclonic epilepsy in infancy). The possibility of a metabolic disorder may be suggested from the history and examination (for example, developmental regression, family history of sudden death in infancy/childhood, failure to thrive, hepatosplenomegaly, micro-and macrocephaly) and, if present, should prompt referral to a paediatric neurologist.
Should diazepam be used for further febrile seizures or febrile episodes? For children who appear to have a very low threshold for FS with any febrile episode and particularly if the seizures are recurrent and prolonged, there is the option of using rectal diazepam in two situations:
N Whenever the child is febrile and before the child starts seizing 94 100 101 N As soon as the child starts seizing.
There is conflicting evidence on the effectiveness of intermittent diazepam in preventing recurrent seizures, although the general consensus is that it is likely to be effective. 94 100-103 However, the early use of oral 102 or rectal 103 diazepam (before the child starts seizing) may result in drowsiness and ataxia that might interfere with the carers' and doctors' ability to distinguish a ''benign'' febrile illness from a potentially more serious febrile illness, specifically meningitis/encephalitis or a structural brain lesion. The decision to use rectal diazepam should be based on a number of factors: the balance between the potential benefits and risks, the wishes and abilities of the child's carers, and the child's frequency and pattern of febrile illnesses and type of FS.
Is prophylaxis indicated?
Complex FS, particularly if prolonged, and an abnormal neurological status are recognised risk factors for the development of later epilepsy. 20 39 However, a child's neurological status should not influence whether prophylactic antiepileptic drugs are indicated. There is no convincing evidence and therefore no justification that the regular use of prophylactic antiepileptic medication with phenobarbitone, phenytoin, sodium valproate, or carbamazepine 101 104-106 significantly reduces the risk of either further FS or the development of late epilepsy. These reports and those from the Royal College of Paediatrics and Child Health 93 and the American Academy of Paediatrics 100 do not recommend the use of prophylactic antiepileptic medication in children with either simple or complex FS.
What information should be given to the family? Facts and advice should be both verbal and written, explaining what an FS is, that they are common, that recurrences are unlikely, and that the risk of brain damage and later epilepsy are very rare. 107 They should be reassured that there is no evidence that any child has ever died as a result of an FS. 79 80 Advice should also include what to do if their child has a febrile illness and what to do if their child has a further FS, and specifically that an ambulance should be called if the tonic-clonic seizure has lasted 5-10 or more minutes and shows no signs of stopping.
